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Long—term blood pressure and renal function in kidney donors. We
have reexamined 68 (92%) of 74 donors accepted at this center nine to
15 years ago. There was a moderate but significant increase in BP, and
ten donors (15%) were hypertensive at the follow-up. Twenty-six
donors (38%) had albumin excretion over 10 /.Lg/min or excretion of total
protein over 185 ing/24 hr. in four of 16 donors with increased excretion
of total protein, this exceeded 400 mg/24 hr, and in three donors this
could be due to an intercurrent disease. Cr averaged 78.4% of preoper-
ative values, and was less than 50% (range 32 to 49%) in eight donors.
The compensatory increase (median 30.5 mliter/min/1.73m2) was in-
versely correlated with age and BP. Aspects of tubular function were
assessed by the diluting capacity during water diuresis and by urinary
excretion of f3-microglobutin and N-acetyl-/3-glucosaminidase. No con-
sistent abnormalities were observed, A subgroup of donors (N = 32)
was compared with a matched control group. Urinary albumin excre-
ion among the donors was significantly higher compared to the controls,
both in absolute terms (5.4 vs. 3.3 tg/min, P < 0.002) and as percent of
total protein excretion (7.6 vs. 5.7%, P < 0.05). Otherwise no consistent
differences were observed. The development of BP over time warrants
further observations, but there is no evidence that uninephrectomy repre-
sents a long-term risk to the donors' health.
Hyperperfusion and hyperfiltration of the remaining kidney in
kidney donors have been considered a salutary adaptive phe-
nomenon. The age-related progressive sclerosis of the rat kidney
is accelerated after subtotal resection of renal mass [I], suggesting
a hemodynamically mediated injury to the remaining
hyperperfused and hyperfiltenng nephrons. It has never been
convincingly shown that uninephrectomy in healthy man can
initiate a similar vicious circle of hyperperfusion injury to the
remaining kidney. Nevertheless the question has arisen as to
whether or not the functional adaptation of the remaining kidney
after kidney donation could be a detrimental process in the long
run.
Three centers have reported ten to 20 year follow-up data on
their kidney donors [2—4]. Increased urinary protein excretion
and hypertension were observed in a significant number of the
donors.
This report concerns the 74 family members who donated a
kidney at this center between 1969 and 1974. We report on their
morbidity, BP and aspects of glomerular and tubular function.
Their urinary protein excretion has been studied and compared
with that of a control group.
Received for publication June 11, 1985,
and in revised form October 21, 1985
© 1986 by the International Society of Ncphrology
Methods
Two of the original 74 donors had died from non-renal causes
and four were unavailable. The study group comprised 35 men
and 33 women with a median age at donation of 46 (33 to 55)
years, and 56 (42 to 66) years at the follow-up 132 (119 to 147)
months later. Complete preoperative and follow-up data were
available for all participants, 64 of whom were seen at this
center and four by a regional nephrologist.
Controls
Thirty-two presumed healthy persons were recruited. None
had a history of previous kidney or urinary tract disease, nor
did they take any medication on a regular basis. They were
accepted on the following criteria: Normal BP, dip-stick nega-
tive urine, sterile urine culture, and Ccr  60 mliter/minll.73M2.
At the follow-up, 32 donors fulfilled the criteria for the controls
and so comprised the subsidiary group.
Procedure
All participants reported to the outpatient clinic with a
complete 24 hr urine sample. Blood and freshly voided urine
samples were collected. The donors were then instructed to
drink 150 mliters of water every 20 mm for three hr. All urine
voided during the final 90 mm was collected, measured and
analyzed for osmolality. The donors were interviewed and a
physical examination performed. BP was recorded with a
mercury sphygmomanometer (the lowest of two readings were
with the patient in the supine position) with the diastolic
pressure taken as Korotkoff phase 5. The preoperative BP
considered most appropriate as a reference was that recorded
on admission for uninephrectomy. Donors were discharged
after ultrasonographic examination of the kidney. We did not
attempt to assess changes in kidney size, as the preoperative
IVP entails a certain degree of magnification which cannot
readily be corrected. Control subjects followed the same pro-
tocol as the donors with the exception of ultrasonography and
water diuresis from which they were exempted.
Analytical procedure. Creatinine in serum and urine was
measured using a modified Jaffé's method.
Serum and urine osmolality were determined by depression
of freeze point. Free water clearance (CH2Q) is calculated as
v(i __2i!f where V = urine flow rate (mliter/min). Urine\ P0,m!
samples were tested with Albustix (Ames) with a lower limit of
detection (1+) corresponding to approximately 100 mg
albumin/liter 5j.
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Table 1. Morbidity in 19 of the 68 donors studied
Event
No. of
donors
I. Hypertension
a) on treatment at follow-up 7
b) untreated, current diastolic BP  105 mm Hg 3
II. Atherosclerotic disease
a) coronary heart disease 5
b) cerebrovascular accidents 4
III. Renal disease
a) chronic glomerulonephritis 2
b) acute pyelonephritis ( 1 episode) I
c) lower urinary tract infections ( 5 treated
episodes) 3
d) renal calculus 1
IV. Cardiac decompensation 3
V. Insulin—treated diabetes 2
Total protein in urine was measured by a Ponceau S-method
[6]. Human serum albumin (AB Kabi, Uppsala, Sweden) was
used as standard. At a level of 0.20 g/liter, the coefficient of
variation was 8.1%. Beta2-microglobulin in serum and urine
was analyzed by the radioimmunoassay Phadebas' f32-micro-
test (Pharmacia AB, Uppsala, Sweden). Urinary albumin was
determined by the method described by Ken and Chlouverakis
[7] with the following modifications: commercial rabbit anti-
human albumin was obtained from Dakopatts A/S (Denmark).
'25J albumin was diluted with unlabelled albumin to a final
concentration of between 0.3 and 0.5 mg/l00 mliters. The
standard curve was constructed using albumin concentrations
ranging between zero to 16 mgIlOO mliters. Purified human
albumin was purchased from Boehringer Mannheim (FRG).
The complex between albumin antiserum and albumin was
precipitated using a 12.5% PEG 6000 solution in a phosphate
buffer. lodination of albumin was carried out as described by E.
Paus et al [8]. Urinary N-acetyl-13-glucosaminidase (NAG) was
assayed in urine according to the fluorometric method of Price
and Dance [9]. The activity is expressed as U/tmole creatinine.
Abbreviations. Ccr is a measure of the increase in Ccr in the
remaining kidney, calculated as current C — 1/2 preoperative
Cer. AER means albumin excretion rate (in p.g/min).
Data analysis. Data were stored and analyzed with a SAS
program on an IBM 4341 computer. As some of the measured
parameters were obviously not normally distributed (that is,
excretion of total protein and albumin in urine most easily fit
with a log-normal distribution), non-parametrical statistical
methods have been used throughout. Data are described by
their median with the 25 to 75 percentile range in brackets.
Upper normal limits for certain variables such as excretion of
NAG (20 U/mole creatinine), albumin (10 gImin), total pro-
tein (185 mg124 hr) and f32-microglobulin (375 g/24 hr) were
defined as the 97.5 percentile value in the control subjects.
Samples were compared by Wilcoxon test and correlations
assessed by Spearman-Rank test.
Results
Morbidity
A total of 19 donors had experienced one or more of the
morbid events listed in Table 1. In addition two donors were
treated with antiepileptic drugs, one was on piroxicam and one
Table 2. Clinical data on ten donors with hypertension at follow-up
Cate-
gorya
Age
years
Blood pressure
Preop. Current
mm Hg
Other
diseasesa
Clinical
comments"
Ia 69 180/90 165/90 IIIc,d Hypertension preop.
Ia 57 130/80 160/100
Ia 62 140/90 160/90 IIb,lIla Labile BP (210/100)
Ia 53 140/90 210/130 IIb,IIIa
Ia 79 130/75 175/90 ha Labile BP (160/90)
Ia 84 190/100 220/80 IV Hypertension preop.
Ia 66 145/80 170/105 ha Labile BP (170/85)
lb 57 140/85 160/105
lb 58 150/90 185/105 IlId
lb 55 150/85 155/105 Weight gain 17 kg
a according to Table BP values in parenthesis indicate highest BP
measured preoperatively.
was on lithium. Thus approximately 1/3 of the donors (23 of 68)
were found to have a clinical diagnosis or were taking drugs
with a potentially adverse effect upon renal function.
Blood pressure
Systolic BP increased from 132 (125 to 140) mm Hg preoper-
atively to 140 (130 to 155) mm Hg at the follow-up (P < 0.003).
Current systolic BP was positively correlated to preoperative
systolic BP and age (P < 0.0001 for both correlations). In 43
donors current systolic BP was higher than preoperatively.
Diastolic BP increased from 82 (80 to 90) mm Hg to 90 (85 to
95) mm Hg (P < 0.001) and was positively correlated to
preoperative diastolic BP but not with age. In 48 donors current
diastolic BP was higher than preoperative diastolic BP.
Ten donors were hypertensive, as seven were on antihyper-
tensive therapy and three were previously undiagnosed with a
diastolic BP at follow-up in the range  105 mm Hg. In six of
the seven donors on antihypertensive treatment, therapy was
initiated within two years after donation. Among the ten hyper-
tensive donors, only three could be considered completely
normotensive preoperatively (Table 2).
Glomerular filtration rate
Cer was 108 (97 to 135) mliter/minhl.73M2 preoperatively and
87 (70 to 113) mliter/min/1 .73M2 currently. The individual ratios
between current and preoperative were 78.4% (58.9 to
96.1%). LCcr amounted to 30.5 (11.5 to 50.0) mliter/min/l.73M2,
and was inversely correlated to preoperative age (P < 0.0006),
diastolic BP (P = 0.0006), and systolic BP (P < 0.07), and also
with current diastolic (P = 0.06) and systolic BP (P < 0.0003).
Preoperative Ce,. was not correlated with zCcr.
Eight donors had currently a Ccr of less than 50% of their
preoperative values (Table 3). In addition nine donors had an
increase between 1 and 11.5 mliter/min/l .73M2. Their kidneys
were normal on ultrasonography.
Serum creatinine was 79 (70 to 88) mole/liter preoperatively,
114 (106 to 123) j.mole/liter at discharge after uninephrectomy
and 88 (80 to 106) ,amole/liter at follow-up.
Proteinuria
Sixteen donors (24%, ten women and six men) had a 24 hr
excretion of total protein in urine above 185 mg (Table 4). Only
four donors excreted more than 400 mg124 hrs. Ten of these 16
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Table 3. Details on eight donors with current Cr 50% of
preoperative Ccr
Age
years
Ccr
mUter/mini
1.73 512 %
32
UPVh
mg/24
hours
144
AERC
g/min
80 43 53.7
56 39 37 180 2.2
53 72 42 5790 136.4
44 44 42 147 22.9
57 75 42 234 7.9
58 44 44 83 10.8
58 67 48 32 3.0
59 51 49 183 2.2
donors also had AER above 10 tg/min and nine (13%) were
Albustix positive. AER was elevated above 10 gImin in ten
additional donors (median 14.2 ig/min, range 10.6 to 53.7
/Lg/min). All had Albustix negative urine and a total protein
excretion within the normal range. Six donors excreted 132-
microglobulin in excess of 375 j.tg/24 hr. Four of these also had
abnormal excretion of other proteins. Protein excretion was not
correlated to age, BP or Ccr. Specifically a correlation between
AER and Ccr was sought but not found. Excretion of total
protein was positively correlated with the urine flow (P <
0.0001), whereas excretion of albumin or 32-microglobulin was
Urinary NAG excretion
Urinary diluting capacity
Comparison between selected donors and controls
were found for urinary excretion of total protein, 132-microglob-
ulin and NAG.
Discussion
iv We encountered a substantial morbidity among the donors(Table 1). None of which can be directly related to previous
lIb,IlIa uninephrectomy. The two patients with chronic glomerulone-
phritis (not histologically examined) had donated to a sister with
Hid chronic pyelonephritis and to a daughter with diabetic nephrop-
athy, respectively. Five donors suffered from ischemic heart
disease, suggesting an annual incidence of 0.6% which corre-
sponds to our national average for this age group. None of the
four donors with cerebrovascular disease and only one with
heart failure were hypertensive, so for most of these patients, a
link between current disease and previous donation is very
unlikely.
Ten donors (15%) were hypertensive at the follow-up. Only
three of them had completely normal BP preoperatively (Table
2). After exclusion of the ten hypertensive donors, median
systolic BP had increased from 130 to 140mm Hg. This is higher
than would be expected, as Norwegian population studies have
shown that in a population aged 40 to 45 years, systolic BP
increased by only 2 to 4 mm Hg over a similar period of time
[101. Most, but not all [2, 11, 12] authors report on an increased
prevalence of hypertension in kidney donors. Between 4% and
31% are reportedly hypertensive [3, 4, 13—IS].
The mechanism responsible for this exaggerated BP response
can not be elucidated from this study. Relevant however, is the
strong positive correlation between preoperative and follow-up
BP, and the negative correlation between BP and Ccr. This
shows that donors with the highest preoperative BP have the
least ability to increase their Cc1 after nephrectomy, suggesting
that a relatively depressed Ccrmay contribute to the increase in
BP postoperatively. Due to the lack of correlation between BP
and urinary protein excretion, it seems unlikely that the in-
crease in BP is caused by a hyperfiltration injury to the kidney.
At a median time of 11 years after donation our donors have
78.4% of preoperative Cer. Very similar figures have been
reported previously [2, 3, 11, 16]. The compensatory increase in
Ccr was negatively correlated with age, as has been observed
[17—19] or refuted [20] in the past.
Cc. will overestimate GFR due to tubular secretion of creat-
mine. The handling of creatinine by a functionally hypertro-
phied kidney is not different from that of a normal kidney, as the
ratio between Cc,. and C,,1,, has been shown to remain fairly
constant before and three months after uninephrectomy [181.
Thus, comparison of preoperative and follow-up provides a
reasonable measure of the compensatory increase in renal excre-
tory function. No allowance has been made however, for the
age-related decline in renal function.
In eight donors (12%), C at follow-up (range 39 to 75
mliter/minhl.73M2) was less than 50% (range 32 to 49%) of
preoperative Ce,. (Table 3). Three of these donors had excep-
tionally high Cci values preoperatively (between 140 and 179
mliter/minhl.73M2) and their current Ce,. (between 67 and 75
mliter/min/l .73M2) is quite satisfactory, although less than 50%
of preoperative values. The decrease in their may represent
a regression towards the mean rather than a true reduction in
Current
Diseased
a Current Ccr in percent of preoperative C1.b 24 hours excretion of total protein.
albumin excretion rate.
d
according to Table I.
not.
Albumin represented 10.7% (5.2 to 18.8%) of total urinary
protein.
Excretion of total protein and albumin was also strongly
correlated (P < 0.0001), whereas excretion of p2-microglobulin
was not significantly correlated with either total protein or
albumin excretion (P = 0.13 and 0.10, respectively).
Increased excretion (above 20 Uijimole creatinine) was ob-
served in nine donors, eight also had pathological protein
excretion.
Excretion of NAG was positively correlated to excretion of
total protein, albumin and /32-microglobulin (P = 0.0001, P <
0.007, and P = 0.002, respectively).
Basal urine flow rate was 1.11(0.85 to 1.46) mliter/min and
increased to 4.98 (2.91-6.96) muter/mm as a consequence of
forced water intake. C51,0, being —0.82 (—1.30 to —0.44)
muter/mm in the basal state increased to 4.36 (1.91 to 6.02)
mliterimin.
Thirty-two donors met with the same criteria defined for the
volunteers in the control group. Those groups were comparable
with regard to age, sex ratio, serum creatinine and Cer(Table 5).
However, donors had significantly higher diastolic BP and 24 hr
diuresis. Donors also excreted more of their urinary protein as
albumin (7.6 vs. 5.7%, P <0.03), otherwise very similar values
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Table 4. Current characteristics of 16 donors with increaseda urinary
excretion of total protein at follow—up.
C
Age
years Sex Disease"
mIller/mini
1.73M2 %
UPVd
mg/24 hr
AER
j.g/min
Diuresis
1/24 hr
53
68
62
37
54
58
66
56
68
63
46
57
47
77
55
44
M
M
M
F
M
M
F
F
F
F
F
F
M
F
F
F
LIb,ILLa
IV
Ia,HIa
V
72
134
79
114
158
92
67
147
68
93
128
75
124
63
85
87
42
99
59
118
108
83
64
129
52
108
95
42
73
80
75
81
5790
1794
1441
688
394
371
340
312
272
258
235
234
216
214
192
190
136.4
1000
850.7
94.5
50.2
105.2
92.9
38.3
3.2
3.4
7.3
7.3
37.4
3.4
4.2
36.1
1.93
2.60
2.62
0.86
2.32
1.32
2.00
1.30
2.47
3.69
3.92
3.90
2.16
1.53
2.13
1.46
a above 185 mg124 hr.
b
according to Table I.
Ccr at the follow-up and as % of preoperative values.
24 hr urinary excretion of total protein.
a albumin excretion rate.
renal function. It should also be noted that we did not have
evidence for a strictly symmetrical distribution of their renal
function preoperatively.
At the time when these donors were accepted, a negative
Albustix in pooled 24 hr urine was used to screen for patholog-
ical proteinuria. Currently nine donors (13%) have positive
Albustix. In five of these donors this finding could be explained
by an intercurrent disease process (Table 4). Thus 6% of the
donors had developed an unexplained positive Albustix reac-
tion. Their proteinuria ranged between 190 and 688 mg/24 hr.
Urinary protein excretion is currently studied in greater
detail. A total of 26 donors (38%) had increased excretion of
total protein or albumin. In ten of these, the sole abnormal
finding was a moderate increase in albumin excretion. How-
ever, the significance of a moderate increase in albumin excre-
tion in uninephrectomized subjects is not known. Kidney
donors have been shown to increase the Calbumin/Ccr ratio by
80% within one week after nephrectomy [211, illustrating that
increased albumin excretion is an early expression of functional
hypertrophy and not necessarily a long-term sequela. The AER
in the subsidiary donor group was approximately 60% higher
than in the controls (5.4 vs. 3.3 g/min, Table 5) in spite of very
similar values for Ccr and total protein excretion.
Until more is known about the temporal changes in albumin
excretion following uninephrectomy, we do not consider a
moderate increase in AER as evidence for damage to the
kidney.
Sixteen donors (24%) excreted total protein in excess of 185
mg124 hr. Urinary excretion of total proteins was positively
correlated with the urine flow rate, whereas the excretion of
albumin or /32-microglobulin was not.
We observed increased excretion of total protein in three
donors with diuresis in excess of 3.5 liters (Table 3). As they all
Table 5. Comparison between normal controls (N = 32) and a
selected subgroup of the donors (N = 32) (median and 25 to 75
percentile range)
Controls Donors
Age, years 46 (36—57) 51(38—57)
Males/Females 16/16 18/14
Systolic BP, mm Hg 132 (121—150) 140 (130—153)
Diastolic BP, mm Hg 85 (80—90) 90 (85_95)e
Serum creatinine
(p.mole//iter) 80 (71—88) 80 (80—97)
Ccr (mli:er/min/I.73M2) 96 (79—120) 95 (83—123)
Diuresis 1/24 hr 1.28 (1.0—1.68) 1.61 (1.31—2.09)"
UpV mg/24 hra 94 (62—132) 105 (74—171)
UalbV mg/24 hra 4.7 (2.3—7.9) 7.7 (5.3—12.1)"
Ualb/Up % 5.7 (3.3—8.2) 7.6 (4.9l4.2)a
AER g/mina 3.3 (2.3—8.2) 5.4 (34—95)"
Ub2V g/24 hr" 66 (36—125) 81(61—140)
NAG U/mole creatininec 6.1 (3.9—7.7) 6.8 (4.6—10.3)
a abbreviations as in Table 4.
b 24 hr excretion of -microglobulin.
excretion of N-acetyl-/3-glucosaminidase,
d P < 0.002.
P < 0.05.
had normal AER, we suggest that a washout of tubular non-
albumin proteins explains their moderate increase in protein
excretion (between 238 and 258 mg/24 hr). Thus, if we exclude
donors with excessive diuresis (three donors) and those with
defined medical problems (five donors) from those 16 with
increased urinary excretion of total protein, then eight donors
(12%) currently have pathological proteinuria in the range 190
to 688 mg/24 hr, five of them also having elevated AER. The
prevalence of pathological proteinuria have been reported by
others in the range of 8% to 39% [3, 4, 12—14].
Albumin represented only 10% of urinary protein. The nature
of the non-albumin protein was not further characterized.
Beta2-microglobulin was excreted in only microgram quantitites.
All urines were also screened by radial immunodiffusion for
orosomucoid and IgG, and amounts above 10 mg/liter of either
protein were not seen in any of the donors.
Urinary excretion of protein and creatinine reflects glomeru-
lar and tubular functions combined. We found virtually no
evidence for tubular dysfunction. In four of the eight donors
with increased excretion of f32-microglobulin, this could repre-
sent glomerular leakage, which also could explain increased
excretion of NAG in eight of the nine donors where this was
observed. Furthermore, the relationship between urine flow
rate and CH,O during water diuresis compares well with pub-
lished data [22, 23].
We selected a subsidiary donor group for comparison with
the controls. The main finding was that the donors excreted
more albumin than the controls (Table 5), otherwise the various
parameters on renal function were remarkably similar.
In conclusion, neither our study, nor those of others [2—4]
provide compelling evidence against a transplantation policy
which includes active recruitment of living kidney donors.
However, strict criteria should be applied during blood pressure
screening of potential donors. An observation time of nine to 15
years is certainly inadequate to fully assess the extent and
prevalence of hypertension in kidney donors.
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